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ABSTRACT: Srtudies on the formation of emulsions were summarized,

and analytical methods used to determine the final resuits of the emul-

sion breaking process were evaluated. These include visual appearance,

viscosity, zero-shear-rate viscosity, elasticity, water content, and con-
ductivity. All but the latter two are useful for determining the stability of
an emulsion.

The development of four new tests was reviewed. These test the effec-
tiveness of emulsion breakers in open and closed systems and emulsion
preventers in open and closed systems. Results of testing on commercial
products are presented.

The most important factor in emulsion work is the understanding of
the physics of emulsification. It was not recognized uatil recently that
the basics of water-in-oit emulsification were understood in the surfac-
tant industry, but not in the oil spill industry. The literature shows that
there is now basic understanding of the formation of water-in-oil
emulsions.’ Information on the kinetics of formation at sea is less
abundant. Emulsion formation is a result of the behavior of the polar
and asphaltene compounds. These similar compounds both behave
like surfactants when they are not in solution. When amounts of
volatile aromatic components are insufficient to solubilize the as-
phaitenes and polars, these precipitate and are availabie to stabilize
water droplets in the oil mass. The minimum mass percentage of either
asphaltenes or resins required to stabilize an emulsion is about 3
percent. Emulsions begin to form when the chemicat conditions men-
tioned above prevail and sea energy is sufficient. This energy is not
measurable with current state-of-the-art techniques. The literature
indicates that the relative energy required to form emulsion varies, but
is not high. The understanding of emulsion physics is important to the
understanding of optimal emulsion-breaking techniques.

Emulsion stability

The most important question related 1o emulsions analysis is
whether or not they are stable. In the strict thermodynamic sense, all
emulsions are unstable; however, experimental evidence has shown
that some emulsions will persist over a matter of weeks.” A commonly

accepted definition is that an emulsion is considered stable if it persists
at least five days at 15° C. An assessment of a number of tests for
stability have been correlated to the basic definition. These tests
include: observation of the colour of the emulsion, viscosity, elasticity,
O-shear-rate viscosity, water content, and conductivity, The latter two
measuTes are not, in themselves, reliable indicators of emulsion stabil-
ity. It has been noted that most, if not ali, stable emulsions are reddish
in appearance, and those that are not are black. The viscosity of a
stable emulsion at a shear rate of one reciprocal second, is at least three
orders of magnitude greater than that of the starting oil. An unstable
emulsion usually has a viscosity no more than two orders of magnitude
greater than that of the starting oil. The O-shear-rate viscosity is at least
six orders of magnitude greater than the starting oil for a stable
emulsion. For an unstable emulsion, it is usually less than two or three
orders of magnitude greater than the starting oil viscosity. A stable
emulsion has a significant e¢lasticity, whereas an unstable emuision
does not, These measures can then be used in the design of any
emulsion-breaking test as a quick analytical tool. It should be nated
that very few emuisions have questionable stability. The usual shwation
is that emulsions are obviously cither stable or unstable. Analytical
techniques are then largely required to test the few questionable
emulsions or to confirm the stability of the others rapidly.

Treating agent effectiveness tests

Twelve tests for emulsion breakers have been developed. New tests
were developed to solve difficulties or shortcomings in older tests.
Recent testing focused on developing four types of agent tests, one
series for emulsion breaking and one for inhibition of emulsion forma-
tion. Tests for each of these were developed for open and closed
systems. This is necessary to test properly agents that have water
solubility and those that do not. This also corresponds to use patterns.
QOpen-system tests represent the application of an emulsion breaker or
inhibitor at sea. Closed-system tests represent the addition of agent to
skimmers and tanks. Table 1 shows the basic parameters of these tests

. and results of testing with two commercial products, Vytac and

Alcopol. Test results are given as minimum effective dose. The tests
employ the stability measurement techniques noted above, 10 charac-
terize remaining emulsion after treatment.
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Table 1. Summary resuits of emulision breaking and inhibiting tests

O:w Min. operative
Action System ratio Shaker/device dose

Breaking  Open 1:5,000 New Brunswick  Vytac 1:300
Alcopol 1:200
Closed  1:200 Burreli Vytac 1:250
Alcopol 1:280
Inhibition  Open 1:25 Rotary Vytac 1:6,000
Alcopol 1:2,000
Closed 1:4 Blender Vytac 1:7,000
Alcopol 1:2,500
Conclusions

Emulsion stability measurement is useful for the development of
emulsion breakers or inhibitor testing. It is important to test emulsion
treating agents separately as breakers or inhibitors, and with varying
water ratios. Each of these tests ranks treating agents differently
depending on the properties of that agent.
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ABSTRACT: A spiked-exposure toxicity test procedure has been devel-
oped, in which initial dispersant concentrations are diluted at a stan-
dardized rate to provide a simple model of exposure experienced in the
field, Traditionally, acute dispersant toxicity has been described using
constant-concentration exposures of 24 to 96 hours. Constant concenira-
tions are unrealistic in the field because of the dilution effects of wind and
wave conditions required for dispersant application. The spiked-expo-
sure procedure has been adopted in California as a standardized tool for
comparing dispersant toxicity. Five dispersants have been tested using
four Californian species. Tests using oil and dispersant-oil mixtures are
being developed.

Exposure regime

Traditionally, toxicity evaluation of dispersants has been accom-
plished mainly with standard, constant-concentration procedures,
which are unrealistic and characterized as “‘worst-case scenarios.”
These exposures are artificial because of the physicat and chemical
nature of these agents and the dilution effects experienced under

conditions required for dispersant use; sea swell, wind, and wave
intensity must be sufficiently high to achieve proper chemical mixing.
In sea trials, dispersant concentrations have been measured from <1 to
13 ppm at various depths and times after application. In all cases,
concentrations dropped below detectable limits within hours.

Constant-exposure data may not give insight into detayed mortality,
or increased or decreased sensitivity under realistic conditions. For
example, short-term episodic exposures to pesticides have elicited
delayed toxic effects not seen in constant-exposure tests. Short-burst
exposures of some toxicants may allow for greater amelioration of toxic
effects by detoxification or other “repair” processes,

Spiked-exposure test procedures

To provide a simple model of exposure experienced in the field, a
spiked-exposure toxicity test procedure has been developed in which
initial dispersant concentrations are diluted at a standardized rate over
a 6- to 8-hour period. The state of California has adopted these
procedures as a standardized tool for comparing dispersant toxicity.
This research program was designed to provide the state with stan-
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